tetracycline is a drug with direct cytotoxic action on the liver, and therefore it is widely used in phar-
D espite the progress in the development and implementation into clinical practice of novel antimicrobial preparations that combine high activity with minimal side effects, treatment plans keep including traditional and easily available antibiotics such as penicillin, ampicillin, tetracycline and others [1, 2] . Currently, up to 7-8% of the pharmaceutical market is occupied by tetracyclines and cephalosporines [3, 4] . The main side effects of the antibiotics under prolonged use in high doses are liver dysfunctions -from jaundice to hepatitis with further development of cirrhosis and fibrosis [5, 6] . In some cases the hepatopathology goes into the decompensation stage, which requires long-term hepatoprotectors use.
Tetracycline is a drug with direct cytotoxic action upon the liver [4, 5] . One of the first signs of liver toxicity is fat dystrophy of various degrees, or hepatosis -accumulation of lipids in hepatocytes. One of the causes of the pathology is imbalance of lipid synthesis and catabolism [7, 8] . Tetracycline use causes lower activity of mitochondrial β-oxidation of fatty acids, higher synthesis of endogenous fatty acids and insufficient incorporation or export of lipids to low-density lipoproteins [9] . An important part of toxic effect of tetracycline is inhibition of synthesis of mitochondrial oxidative phosphorylation enzymes, which are regulated at the transcription level; of enzyme complexes I and IV of the mitochondrial respiration electron transport chain, which in turn increases products of peroxide oxidation of lipids in liver and blood [5, 10, 11] . The compounds can disrupt structural organization of hepatocytic membranes and organelles, as seen from mitochondrial membrane depolarization with further swelling due to increased permeability for ions of the inner membrane, caused by free radicals [4] . This is in line with increased Calcium ions content in the microsomes of hepatocytes, which confirms membranotropic and prooxidant action of tetracycline and supports the centrality of mitochondrial dysfunction in the development of tetracycline induced hepatosis.
The liver plays the key role in the primary and secondary haemostasis since it is the site of synthesis of all clotting factors and their inhibitors [12, 13] . Hepatopathology leads to imbalance in the haemostasis system and to unstable balance between its pro-and anticoagulant components [14, 15] . Main hemostasis dysfunctions arising from liver pathology are the decrease in clotting factor synthesis and qualitative platelet changes (disruption of functional activity, lower platelet count, development of thrombocytopenia); decrease in fibrinolysis inhibitors [16] .
Tetracycline liver injury in animals is widely used in pharmacological experiments to determine efficiency of hepatoprotective drugs [4, 17] . At tetracycline hepatosis, cell membranes are destroyed and their phospholipid organization disrupted, while collagen production is stimulated leading to fibrosis [6, 8] . Therefore, last years saw interventions to restore structure and function of hepatocytes and to increase their "fluidity", to activate membrane enzymes, stabilize metabolism and lipid transport under fat hepatosis using essential phospholipids [18] . This became the basis for testing the efficiency of milk phospholipids whose fatty acid content is a good fit for the lipid content of cell membranes of mammalian internal organs.
The aim of present work was to determine the biochemical indicators in blood plasma of rats with tetracycline-induced hepatosis and correction proper ties of milk phospholipids under tetracyclineinduced hepatosis in rats.
materials and methods
Animal model. All manipulations with rats were performed according to the European Convention for the Protection of Vertebrate Animals (Strasbourg, 1986 ) and the Law of Ukraine "About protection of animals from cruelty" (Protocol N 3447 by 21.02.2006).60 Wistar male rats with body weight of 200-220 g were selected for the experiment based on the results of analogue principle [19] . Two weeks before the experiment rats were in separate cages with regular clinical examination. All animals received a balanced ration with all needed nutrients and active elements. They had free access to food and water. Body weight and food consumption were monitored constantly.
Three groups of animals 20 rats each were formed for the study. All experiments were performed according to modern principles of standardization of biomedical studies and principles of biological modeling [19] .
Experimental acute fat hepatosis of rats was developed according to the previously developed method [20] . Rats of the 1 st and the 2 nd groups received intragastrically the suspension of tetracycline hydrochloride (Vitaminy, LTD, Ukraine) dissolved in 4% solution of starch daily in a dose 250 mg/kg of body weight, which was determined by daily weighting , during 7 days (overall volume 1.3-1.4 ml). This lead to constant toxic effect of tetracycline hydrochloride on liver tissue during the experiment. Animals of control group received daily the equivalent volume of physiological solution (0.89% solution of Sodium chloride).
During the experiment animals of the 1st group did not receive any medications (self-rehabilitation). Animals of the 2 nd experimental group received intragastrically 1% liposome suspension of phospholipid-containing biologically active compound "FLP-MD" in a dose 13.5 mg/kg of body weight (overall volume 0.27-0.30 ml) 1 hour before tetracycline administration and two days after the antibiotic was stopped.
Biologically active compound "FLP-MD" is our invention [21] . It contains a complex of different types of phospholipids of milk (butter milk) which has natural fatty acid composition natural for animal cell membrane including unsaturated fatty acids (oleic, linoleum, linolenic acid) and antioxidants (namely vitamins E and A).
The experiment lasted 9 days. On the 10 th day animals were sacrificed under ether anaesthesia.
Blood and blood plasma samples preparation. Samples of rat blood were collected by heart puncture. For hematology study 3.8% sodium citrate was added to blood immediately after collection. For biochemical investigation the blood was stabilized with heparin. Platelet-rich plasma (PRP) was prepared from citrated blood by centrifugation at 1.000 rpm for 30 min. Platelet poor plasma (PPP) was obtained from PRP by centrifugation of PRP for 15 min at 1.500 rpm [22] . Basic biochemical parameters were determined in heparin-stabilized blood and blood plasma, content of blood coagulation factors was determined in citrate-stabilized blood plasma.
Hemoglobin content was determined in whole blood using the Analyzer Micro CC-20 Plus Auto HTI (USA) according to the instructions of manufacturer.
Basic biochemical parameters were determined by biochemical GBG Stat Fax 1904 Plus (Awareness Technology, Inc., Florida, USA) using chemicals purchased from DAC-SPECTROMED S.R.L. (Moldova). This device allowed to determine routinely the content of total protein, albumin, conjugated and total bilirubin, creatinine, urea, glucose; activi ty of enzymes e.g. Aspartate transaminase (AST, ЕС 2.6.1.1), Alanine transaminase (ALT, ЕС 2.6.1.2), γ-glutamyl transpeptidase (GGT, ЕС 2.3.2.2), α-amylase (α-AM, ЕС 3.2.1.1); and concentration of electrolytes (Potassium, Calcium, Phosphorus).
Fibrinogen concentration in blood plasma was determined by the modified spectrophotometric method using thrombin-like enzyme from the venom of Agkistrodon halys halys [23] .
Total prothrombin level was estimated by the ecamulin-based test [13] . Thrombin generation induced by ecamulin was measured by chromogenic substrate assay using thrombin-specific S2238 (H-DPhe-Pip-Arg-pNA, Chromogenix, Sweden).
Protein C level was determined using the activator of protein C from Agkistrodon halys halys venom. The generation of activated protein C was measured by chromogenic substrate assay using specific chromogenic substrate S2236 (p-Glu-Pro-ArgpNa, Chromogenix, Sweden) [24] .
Factor X level was estimated using RVV -factor X activator from Russel vipera venom (Sigma, USA), and specific chromogenic substrate S2765 (Z-D-Arg-Gly-Arg-pNA, Chromogenix, Sweden) according to recommendations of KABI Diagnostica.
Statistical data analysis was performed using Statistica 6.0. Data significance was estimated using Student's t-criteria. Results were assumed significant at P < 0.05.
results and discussion
Basic biochemical indicators. Modelled tetracycline induced fat hepatosis is followed by functional and biochemical changes at the levels of the organism as a whole and liver in particular. Thus, the 1 st experimental group animals had slightly increased levels of total protein in blood plasma -10.4% compared to control, while albumin remained at the control levels ( Table) . It means that in rats' bodies it was the globulin-fraction proteins that underwent quantitative changes -the compounds whose functions include homeostatic, defensive, transport, regulatory, immune and many other ones [14] . Such changes indicate that in the bodies of rats with experimental fat hepatosis, there are intensively developing compensatory and adaptive processes to maintain homeostasis, due to the liver's active involvement in intermediary protein metabolism.
The 4.0-and 1.7-fold increase in the 1 st experimental group rats' plasma of AST and ALT, respectively (Table) indicates increasing intensity of intermediary metabolism of amino acids at the level of the liver, and also an increasing role of transamination processes and deamination in the development of fat hepatosis. It partially compensates the deficiency of energy substrates in hepatocytes that is typical for this pathology.
Meanwhile, the 2.4-fold increase in the AST/ ALT ratio in rats of the 1st experimental group (relative to control) points to mitochondrial cytopathy and associated structural and functional breakdown. That the blood of these animals had increased amounts of final products of nitrogen metabolism -2.0-fold increase in urea, 18.1% in creatinine (Table) along with changes of activity of transaminasesconfirms the tendency towards increasing deamination in the tissues, and also suggests the development of secondary nephropathy. As a rule, this leads to general intoxication by the final products of nitrogen metabolism.
Meanwhile, the biochemical indicators in blood plasma of rats of the 2 nd experimental group indicate positive effect of the milk's phospholipids administered as liposomal biologically active compound "FLP-MD" on protein metabolism (Table) . Total protein content and albumin content were within control ranges (Table) . There was a tendency to decreased activity of AST and ALT, although the parameters were still high compared to control: they were increased 1.7-and 1.4-fold, respectively. The AST/ALT ratio was also lower, but remained 1.4 times higher than the control one.
Despite the increased activity of АST, АLТ and their ratio, the data suggest gradual normalization of transaminase activity in sick rats' plasma under administration of the biologically active compound "FLP-MD" in liposomal form. Besides that, blood of these rats was found to contain normalized urea and creatinine levels (Table) .
The development of experimental hepatosis affects hemoglobin metabolism which underwent significant change in the 1 st group of animals. As a result, there developed hypochromia (hemoglobin level decreased by 15.4% compared to control) and anemia (Table) . The latter one can be a consequence of lower hematopoietic activity of the bone marrow, increased hemolytic processes due to negative impact of toxins on the structural organization of membranous systems of the erythrocytes in the bloodstream and induction of pathologic processes in liver parenchyma that is an additional organ of hemopoiesis. Thus, the animals' plasma showed development of hyperbilirubinemia (total bilirubin grew 17.6 times compared to control), while the levels of its conjugated and unconjugated forms both increased, indicating disrupted pigment function of the liver. In rats of the 2 nd experimental groups, under administration of biologically active compound "FLP-MD" in liposomal form, hemoglobin level in blood even exceeded the control 1.7 times, perhaps due to compensatory mobilization of erythrocytes from their reserves. The bile pigment metabolism indicators also were increased, but they were near the control values (Table) .
Biochemical indicators of whole blood/plasma of rats with experimental hepatosis under tetracycline use and the corrective therapy with milk phospholipids (M ± m, n = 20 in each group)
We showed glucose content increase in plasma of the 2 nd experimental group of rats by 11% com-pared to control, indicating glucose mobilization by the organism to maintain energy balance and fasten regeneration of the tissues. Meanwhile, the lack of significant changes in the blood of the 1 st group of rats in the activity of γ-glutamyl-trans-peptidase and α-АМ precludes development of cholestasis and pancreatic complications (Table) . Lower activity of α-АМ (by 26.8%) in the plasma of rats of the 2 nd experimental group compared to control might indicate metabolic changes in the pancreas, which in turn cause the abovementioned changes in glucose levels.
In rats of the 1 st experimental group with acute hepatosis, it was typical that the level of intracellular macroelements in blood plasma increased: Potassium -1.8 times, Calcium -2.2 times, Phosphorus -1.2 times, which have might negatively reflected on the cellular metabolism (Table) . Meanwhile, mobilization of Calcium and Phosphorus from their main storage reservoir, the bone tissue, might lead to secondary osteopathy, which obviously would enhance the negative consequences of anemia diagnosed in the animals of the 1 st experimental group during selfrehabilitation. Yet the deviation in Calcium (27% increase) and Phosphorus (45% decrease) in the plasma of the rats of the 2 nd experimental group indicates gradual restoration of the bone tissue structure, even under the corrective therapy.
hemostasis system parameters. The liver is the main supporter and stabilizer of the hemostasis system that provides almost all of its coagulant and anticoagulant protein factors, as well as eliminates metabolites produced by coagulation processes. The content/activity of blood clotting system factors depend on the liver's condition, and these parameters exactly characterize its protein-synthesizing function.
Since the liver is the place of synthesis of key pro-coagulant components -fibrinogen, factor II (prothrombin), clotting factor X, and the main anticoagulant factor -protein C, these parameters were selected for studying in our research.
Fibrinogen is a protein of the acute phase of inflammation, and its content either stays within the norm or increases during liver pathology. Low fibrinogen content (lesser than 1 g/l) is found only at very serious pathologies if its synthesis is disrupted [14] . The content of fibrinogen in blood plasma of rats of the 1 st experimental group under tetracycline induced hepatosis was 21% lower compared to control. In the blood plasma of animals with induced hepatosis under administration of biologically active compound "FLP-MD", fibrinogen content was within normal ranges ( Fig.) .
Thus, a decrease of fibrinogen level in blood plasma of rats of the 1 st experimental group indicated a disruption of protein-synthesizing function of the liver after tetracycline administration. Normalization of the parameter in the plasma of rats of the 2 nd group indicates hepatoprotective effect of "FLP-MD".
Normally evaluation of the hemostasis system at liver pathology includes standard coagulation diag nostic tests. However, diagnostics by coagulation laboratory tests is complicated, since the clotting time of plasma depends not only on the total rate of coagulation factors, but also on the presence of clotting inhibitors and on fibrinogen content [25] .
That is why we developed model systems in which the activation of coagulation factors -prothrombin, factor X and protein C -was measured spectrophotometrically by cleaving of specific chromogenic substrates. This approach, unlike coagulation tests, lets us exclude the effect of fibrin polymerization inhibitors since enzyme produced during activation causes cleavage of the chromogenic substrate but not the fibrinogen to fibrin transformation with following polymerization (as in the coagulation tests).
Determination of prothrombin content allows evaluating the rate of coagulopathy and level of liver dysfuncion, in particular the changes in protein synthesis. The research established the tendency (compared to control) towards lower prothrombin levels in both the 1 st group of rats (by 27.8%, under tetracycline-induced hepatosis) and in the 2 nd group (by 18.2%, corrective therapy using "FLP-MD". The corrective effect of the "FLP-MD" is notable: the level of prothrombin in blood plasma of the rats of the 2 nd group was lower than control but probably higher than in the 1 st group (by 9.6%). A similar trend was seen in factor X content: in the 1 st group, it was 27.9% lower than control, while in the the 2 nd group, it was restored (Fig., c) . Therefore, the data indicate a disrupted protein-synthesizing function of the liver and confirm the hepatoprotective effect of the "FLP-MD".
Protein С is a vitamin K-dependent glycoprotein produced mostly by hepatocytes. In acute and chronic liver diseases its content decreases together with other clotting factors, characterizing the degree to which the liver's protein-synthesizing function is disrupted [14] . Rats in both experimental groups had lower than control protein C levels in the blood: in the 1st experimental group, with tetracycline-induced hepatosis it was reduced by 40.6%, and in the 2 nd group with corrective therapy -by 19.0%. The corrective effect of "FLP-MD" is supported by the 21.6% increase in protein C content in the plasma of the 2 nd group compared to the 1 st one (Table) . Therefore, changing levels of fibrinogen, clotting factors II and X, and protein C are both the indicators of protein-synthesizing dysfunction of the liver and of the efficiency of corrective therapy by the hepatoprotector in the liposomal form of "FLP-MD". Thus, we can recommend determination of vitamin K-dependent proteins for diagnostics of hepatosis. Such approach allowed us to find a valuable hepatoprotective effect of "FLP-MD" which leads to recovery of protein-synthesizing function of liver even at acute hepatosis.
conclusions. Modeling tetracycline-induced hepatosis an increased activity of transaminases and their ratio, inhibition of protein-synthesizing function of the liver (a decrease in clotting factors content). Meanwhile, blood plasma contained increased amounts of creatinine, urea, and total bilirubin.
Using phospholipids of milk as 1% solution of the liposomal biologically active compound "FLP-MD" with strong membranotropic and reparative action on the damaged liver cells stimulates the recove ry of metabolic disruptions, mostly proteins. Using this bioadditive could prevent possible complications -anemia, coagulo-, nephro-and osteopathy, parenchymatous jaundice and intoxication. The obtained results suggest that the liposomal biologically active compound "FLP-MD" based on milk phospholipids is a promising agent for prophylactics and pharmacological correction of drug-induced hepatosis.
